
FOOTWEAR TRACTION AT DIFFERENT AREAS ON ARTIFICIAL AND NATURAL GRASS FIELDS 

  

 John W. Wannop, Geng Luo and Darren J. Stefanyshyn 

 Human Performance Lab, Faculty of Kinesiology, University of Calgary, Calgary, Canada. bwannop@kin.ucalgary.ca  

 

INTRODUCTION 

It has been previously proposed that non-contact injuries in 

sport may be due to the interaction between the shoe and 

surface, or footwear traction. Studies have shown that 

increases in footwear traction lead to an increase in the 

amount of lower extremity non-contact ACL injuries [1] as 

well as increases in knee joint loading [2]. Earlier generations 

of artificial turf have been attributed to a greater risk and 

incidence of injury compared to natural grass [3], with the 

mechanism thought to be due to the increased footwear 

traction. 

 

In recent years new artificial in-fill turf surfaces have been 

developed that mimic natural grass fields. It has been shown 

that these in-fill surfaces increase the shoe-surface traction of 

athletes, however recent studies have reported similar or even 

a decrease in injuries compared to natural grass [4]. This raises 

the question as to whether the high footwear traction is the 

cause of these non-contact injuries, or if some other 

mechanism is at play. One initial thought is that perhaps the 

increased risk of injury due to high traction is offset by the 

increase in consistency of traction on the artificial surface. 

 

Therefore the purpose of this study was to compare the 

footwear traction between in-fill artificial turf and natural 

grass at various locations on the field. It was hypothesized that 

artificial turf would be more consistent throughout the field 

compared to natural grass. 

 

METHODS 

A portable robotic testing machine was used to measure the 

shoe-surface traction of three different football cleats at six 

locations on the field of a natural grass (Kentucky bluegrass) 

and artificial turf (Field Turf) playing field. The robotic testing 

machine consisted of a stiff base on which a load bearing 

carriage moved freely on two parallel rails. A vertical shaft 

mounted on the carriage incorporated a last, on which the test 

shoe was mounted, and a support for additional weight on the 

top. The machine was powered and controlled by a portable 

computer and collected both translational and rotational 

traction. A vertical load of 580N was used and the movement 

speed of the tester was set at 250mm/sec for translational 

traction and 90 degrees/second for rotational traction. The 

force transducer collected data at 2000Hz.  

 

The shoe tested was a Nike Air Impact Shark which consisted 

of a small number of rubber studs on the sole. The shoe was 

tested at six different locations on the field. The first three 

locations were 5 meters from the sideline (sideline), 15 meters 

from the side line (numbers) and at midfield (center) along the 

40 yard line. The same three locations were also collected 

along the 20 yard line (figure 1). Measurements on the natural 

grass turf were taken at the beginning and end of the season to 

capture any changes in traction that may result from a wearing 

down of the field due to use. Both translational and rotational 

traction with five trials per shoe at each location were 

collected.  

 

 

 

 

 

 

 

 

Figure 1: Location of the six places for traction testing. 

 

RESULTS AND DISCUSSION 

Results of traction testing on the natural grass surface before 

and after the season can be seen in figure 2. When examining 

the traction along the 20 and 40 yard line at the beginning of 

the season no significant differences were found between 

locations. This indicates that at the beginning of the season, 

the field was very consistent and offered uniform traction 

values regardless of the location.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Translational and rotational traction values on 

natural grass along the 20 and 40 yard line at the 

start of the season (top row) and the end of the 

season (bottom row). Black horizontal bars 

represent a significant difference. 

 

The traction values on the same field of natural grass at the 

end of the season displayed significant differences. For 

translational traction at the 20 yard line all three locations had 

significantly different traction values with the values 

increasing from center to sideline (0.76 at center, 0.83 at 

numbers, and 0.85 at sideline). The same trend was seen with 

regards to rotational traction with a significant difference 

being seen between the center and sideline (22.3Nm compared 

to 27.5Nm) and  between the numbers and sideline (24.3Nm 

compared to 27.5Nm). Less significant differences were seen 

along the 40 yard line with only a difference in rotational 

traction between the center and sideline being significant 

(21.4Nm and 27.9Nm). 
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This change in traction indicates that the field conditions 

change dramatically as the season progresses. Visually the 

changes in conditions were noticeable, with a large amount of 

damage occurring specifically at centerfield. Along the 40 

yard line the wear and damage of season play had destroyed 

the grass so the testing was mostly performed on the 

underlying dirt. Along the 20 yard line less damage was 

observed as testing was performed on dirt at center, a mixture 

of dead grass and dirt at the numbers and mostly healthy grass 

at the sidelines.  

 

The change in traction values over the course of the season 

can be seen in table 1. Over the course of the season 

significant changes in traction occurred at center along the 20 

and 40 yard line for both translational and rotational traction. 

Centerfield is where the majority of the game is played and 

receives the most activity during games, which caused the 

reductions in traction. As well the sidelines along the 40 yard 

line also had a significant decrease in translational traction 

which was due to the locations of the player benches and the 

traffic associated with players entering and exiting the field. 

 

Translational and rotational traction on the artificial turf 

surface can be seen in figure 3. Along the 20 yard line only 

rotational traction had a significant change in traction with the 

numbers being significantly higher than both the center and 

sideline (50.6Nm for center, 57.8Nm for numbers and 51.8Nm 

for sideline). 

 

 

 

 

 

 

 

 

 

 

Figure 3: Translational and rotational traction values on 

artificial turf along the 20 and 40 yard line. Black 

horizontal bars represent a significant difference. 

 

Along the 40 yard line the center location had significantly 

higher translational traction then both the numbers and 

sidelines (0.70 for center, 0.63 for numbers, and 0.62 for 

sidelines). Significant differences were also seen in regards to 

rotational traction with the numbers having significantly 

higher traction then the center and sideline (45.0Nm for 

center, 58.1Nm for numbers and 43.9Nm for sidelines).  

The changes in traction values on the artificial turf surface 

were surprising as it was expected to be a much more 

consistent surface than natural grass which was not the case. 

The alterations in traction would possibly be due to the 

movement of the infill surface due to use and wear. Areas of 

heavy play would experience a large turnover of infill surface 

resulting in an alteration in traction values. While the artificial 

turf surface is swept as routine maintenance to redistribute the 

infill material, at the time of testing it was not clear when the 

last maintenance had occurred. 

 

Previous studies examining non-contact injury have 

speculated that the high traction values are the cause of these 

injuries. However recent studies have shown that although 

new artificial turf surfaces have higher rotational traction 

values, the injury rates between the two surfaces are similar 

[4]. It may be that inconsistent traction values play a role in 

this injury mechanism. If an athlete expects a certain traction 

value, but moves into an area of high or low traction, slipping 

or foot fixation may occur, which may cause an injury 

depending on the severity.  

 

On the early season natural grass surface, even though no 

significant differences were seen, that is not to say that there 

were not areas where the traction changed dramatically. The 

measurements on the natural surface were more variable than 

on the turf surface which may have affected the statistical 

power. 

 

CONCLUSIONS 

The results of the current study indicate that over the course of 

a season the traction values of a natural grass field change 

considerably, creating visible areas of high traction and low 

traction. Surprisingly the artificial turf surface also had areas 

of high and low traction due to the movement of the infill 

material during play. Future work could examine how the 

traction values of an infill artificial turf surface change over 

the course of a season and over a single game, as well as how 

this change of traction on the field of play potentially 

influences non-contact injury. 
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Table 1: Changes in traction values of the natural grass surface over the course of the season (start of season –end of season). Bold 

values indicate a significant difference. 

Along 20 Yard Line Along 40 Yard Line 

Change in Translational Traction [%] Change in Rotational Traction [%] Change in Translational Traction [%] Change in Rotational Traction [%] 

Center Mark Sideline Center Mark Sideline Center Mark Sideline Center Mark Sideline 

-7.19 -0.56 1.40 -17.36 -6.76 -0.40 -9.33 -5.85 -12.06 -18.56 1.61 6.39 

Center Numbers Sideline 


